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Abstract
Lablab is a regionally important multipurpose legume crop used for human consumption, animal feed, and soil conservation. 
Despite these qualities, the potential value of this crop has not been fully utilized, and very little research attention has been 
given to it. The main objective of the study was molecular genetic diversity analysis of Lablab collections using 15 SSR 
markers. The molecular genetic diversity study of 91 Lablab collections revealed a total of 225 alleles with an average of 
14.80 alleles per locus. All markers across the entire population were found to be highly polymorphic and informative with 
PIC values ranging from 0.78 to 0.92 with a mean value of 0.85. The average expected heterozygosity and gene diversity 
were 0.75 and 0.86 respectively, indicating a high level of diversity. Analysis of molecular variance showed that 94% of the 
total genetic variation was attributed to within populations, while only 6% was attributed to among populations. The fixa-
tion index value (0.061) recorded indicates the presence of moderate population differentiation as a result of high gene flow 
(Nm = 3.820) among populations. Due to high gene flow, Cluster, PCoA, and structure analysis did not exactly categorize  
the populations into genetic groups corresponding to their geographic origin. The observed relatively higher genetic diver- 
sity in Konso and West Wellega populations among the eight populations indicates that these areas could be considered hot-
spots for genetic diversity and possible germplasm evaluation. Generally, genetic diversity obtained from this study provides 
inputs for Lablab conservation and improvement in Ethiopia.
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Introduction

Lablab (Lablab purpureus (L.) Sweet: Fabaceae) is one of 
the most ancient legume crops in the world and is widely 
distributed throughout tropical and subtropical regions of 
Asia and Africa (Maass et al. 2010; Kimani et al. 2012,). It 
is a monotypic genus in the family Fabaceae characterized as 
a semi-erect, bushy, perennial herb, but usually cultivated as 

an annual. It is a predominantly self-fertilizing, diploid crop 
with 2n = 2x = 22 chromosomes (Kukade and Tidke 2014; 
She and Jiang 2015) and an estimated genome size of 423 
Mbp (Chang et al. 2018).

Lablab is an indigenous African legume, a remark-
able drought and salinity-tolerant crop, and, thus, can be 
grown in a wide range of environmental conditions and soil 
types (D’Souza and Devaraj 2010; Maass et al. 2010). It 
is an important multipurpose legume crop that contributes 
towards food, feed, nutritional and economic security, and 
soil conservation, and is also rich in bioactive compounds 
with pharmacological potential, particularly against SARS-
Cov2 (Habib et al. 2017; Weldeyesus 2017; Liu et al. 2020; 
Minde et al. 2021).

The crop is cultivated as a sole crop and intercropped 
with cereals, such as maize or sorghum, and different leg-
ume crops (Maass et al. 2010; Nord et al. 2020). Its dense 
green cover serves as a cover crop, preventing desiccation 
and minimizing erosion caused by wind and rain (Kimani 
et al. 2012; Naeem et al. 2020; Kongjaimun et al. (2022). As 
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a legume crop, it is also useful for biologically fixing atmos-
pheric nitrogen (Rangaiah and Dsouza 2016).

In Ethiopia, Lablab is mostly grown in the Konso zone 
of the southern part of the country, and some parts of the 
Amhara and Benishangul-Gumuz regions (Westphal 1974; 
Tesfaye 2007). The crop is cultivated as a hedge crop or on 
farmland for its edible seeds, and it grows at altitudes rang- 
ing from 400 to 2350 m.a.s.l. Considerable agro‐morphological  
variability in plant height, leaf size, maturity, number of 
seeds per pod, seed color, size, and shape have been reported 
(Pengelly and Maass 2001).

Lablab is considered a minor and neglected crop in most 
parts of Africa. Due to this, there is an increasing risk of 
genetic erosion for the cultivated Lablab varieties as well 
as the naturally occurring wild species in Africa. There are 
several reasons for this, including a lack of research attention 
and a decrease in cultivation areas and demand caused by the 
replacement of crops with superior economic importance in 
Africa (Maass et al. 2010).

According to Robotham and Chapman (2017), the great-
est genetic diversity was found in Africa, making Ethiopia 
one of the probable centers of domestication. Its landraces 
have exhibited distinct genetic diversity from the rest of the 
world’s Lablab collections (Robotham and Chapman 2017; 
Maass et al. 2017). Hence, the country could be an abundant 
source of Lablab landraces. To effectively use landraces in 
breeding, it is crucial to genetically characterize them to 
understand the extent and pattern of diversity within and 
between populations. This helps assess the available genetic 
diversity for conservation and identifies genes valuable for 
future breeding progress.

Molecular markers reveal genetic similarities and differ-
ences without being influenced by environmental factors. 
A number of molecular markers such as RAPD (Liu 1996), 
AFLP (Maass et al. 2005; Kimani et al. 2012), and micros-
atellite (SSR) (Wang et al. 2007; Robotham and Chapman 
2017; Amkul et al. 2021) have been used in different Lablab 
research and genetic diversity analyses of different germ-
plasm sets in several countries. Among the various types of 
molecular markers, simple sequence repeat (SSR) markers 
have the advantage of simplicity, effectiveness, abundance, 
reproducibility, co-dominant inheritance, extensive genomic 
coverage, and ease of detection by polymerase chain reaction 
(PCR). They are consequently considered the most powerful 
molecular markers for resolving genetic diversity, population 
structure analysis, and cultivar identification in many crop 
plants (Powell' et al. 1996).

Although Lablab is grown in Ethiopia and the exist- 
ence of morphological diversity and wild relatives have  
been reported (Pengelly and Maass 2001; Tesfaye 2007; 
Maass 2016; Robotham and Chapman 2017), very limited 
effort has been made to assess the existing genetic diversity 
of this crop in the country, which is considered an orphan or 

underutilized crop. Only few and mostly the same germplasm 
accessions from Ethiopia, distributed globally by the Interna-
tional Livestock Research Institute (ILRI), have been included 
in such diversity studies (Maass et  al. 2005; Robotham 
and Chapman 2017; Kamau et  al. 2021; Kongjaimun  
et al. 2022). This is the first time of more comprehensive 
characterization of Lablab genetic resources from Ethiopia, 
applying molecular markers. Therefore, this paper’s purpose 
is to profile genetic diversity of Lablab germplasm collected 
in Ethiopia. It also aims towards decision-making of plant 
genetic resources (PGR) management and towards develop-
ing breeding strategies.

Materials and Methods

Plant Materials

A total of 91 accessions of Lablab were used for this exper-
iment. Ten accessions were exotic materials, which were 
obtained from Bako Agricultural Research Center, Ethiopia, 
who had previously received them from ILRI. Twenty-two 
accessions were acquired from the Ethiopian Biodiversity 
Institute (EBI), and the remaining 59 accessions were col-
lected from Konso, North Wollo, Gamo Gofa, West Wellega, 
and West Gojjam zones (Fig. 1). The collected seeds were 
planted in pots at the National Agricultural Biotechnology 
Research Center (NABRC) greenhouse, located at 9° 3′ N 
latitude and 38° 30′ E longitudes with an altitude of 2400 
m.a.s.l. Ten seeds from each of the accessions were grown in 
a greenhouse, and fresh leaves were collected from 2-week-
old plants for genomic DNA (gDNA) extraction.

DNA Extraction and Quality Check

Two weeks after planting, an equal amount of bulk leaf sam-
ples was collected from five random plants of every acces-
sion as suggested by Gilbert et al. (1999). About 100 mg 
of fresh leaves were placed in 2 ml autoclaved and labeled 
Eppendorf tubes and freeze-dried for 24 h at − 80 °C. After 
24 h, the leaves were further dried in liquid nitrogen and  
then ground to the powder form for 3 min using a Geno 
Grinder (MM-200, Retsch). Genomic DNA was extracted 
using the plant DNA extraction protocol based on the method 
of Diversity Array Technology (DArT) (DArTs 2019) with 
some minor modifications. The DNA pellet was air-dried 
and dissolved in 100 µl of nuclease-free water and kept at 
room temperature until the DNA pellet was dissolved.

The DNA was quantified using a nano drop spectropho-
tometer (ND-8000, Thermo Scientific). The level of DNA 
purity was determined by the 260/280 absorbance ratio. The 
quality of DNA was further assessed using 1% agarose gel 
in 1 × TAE buffer using a standard lambda DNA (Biolabs, 
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New England). For gel preparation, 1% agarose powder was 
dissolved in 1 × TAE buffer. The mixture was boiled in a 
microwave oven at 100 °C. After agarose was completely 
dissolved and cooled to 50–60 °C, it was cast on the gel tray 
with a comb. After solidifying, the gel was placed in a gel 
tank containing 1 × TAE buffer. Five microliters of DNA 
from each sample were taken and mixed with 2 µl loading 
dye, which contained gel red and loaded in the well. The gel 
was run at constant voltage of 100 V for 40 min. The gel was 
visualized under UV light and subsequently photographed 
using a BioDoc-It™ imaging System (Cambridge, UK). 
Samples with high band intensity, lesser smear, and purity 
with 1.8 to 2 at 260/280 nm were selected for further PCR 
analysis. Purified and working concentration of DNA was 
stored in the refrigerator (− 20 °C) till the next use.

Primer Selection and Optimization

A total of 20 Lablab-specific SSR primers were used 
for PCR amplification. PCR optimization and testing of 
SSR primers were done using 12 representative Lablab 

accessions. The 20 SSR markers used were selected from 
Zhang et al. (2013), Robotham and Chapman (2017), and 
Keerthi et al. (2018) based on their high values of polymor-
phic information content (PIC). Out of the 20 tested SSR 
primers, 15 were selected for final analysis on the basis of 
reliability, polymorphism, and their specificity to target 
region (Table 1).

PCR and Gel Electrophoresis

Lyophilized primers for the target genes were reconstituted 
using nuclease-free water to obtain 100 µM stock solutions. 
All primers were stored at − 20 °C and finally diluted to 
working concentration of 10 µM. PCR reaction was carried 
out with a thermal cycler (GeneAmp®PCR System 9700) 
in a total volume of 12.5 µl reaction containing 6.25 µl one 
Taq 2 × Master Mix (M04821) Biolabs England, with stand-
ard buffer (which contain all PCR reaction components, 
MgCl2, PCR buffer, dNTPs, and Taq DNA polymerase), 
0.5 µl forward primer, 0.5 µl reverse primer, 0.25 µl DMSO, 
3 µl nuclease-free water, and 2 µl genomic DNA. The PCR 

Fig. 1   Map of Ethiopia show-
ing sample collection areas of 
Lablab accessions
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was programmed at initial denaturation (preheating) step of 
3 min at 94 °C followed by 35 cycles of a denaturation at 
94 °C for 1 min, annealing at 50.2–58 °C depending of the 
primers for 2 min and elongation at 72 °C for 1 min, with a 
final elongation at 72 °C for 10 min followed by a holding 
step at 4 °C. PCR amplification of each primer was opti-
mized using “gradient” methodology.

PCR products were loaded on 3% agarose gel (w/v) with 
gel red containing 6 × loading dye. Electrophoresis was 
performed in 1 × TAE buffer at 100 constant volts for 3 h 
and 30 min. The gel was stained with gel red and visual-
ized under UV light using a BioDoc-it™ imaging system 
(Cambridge, UK). DNA fragment sizes were estimated by 
comparing the DNA bands with a 100 and 50 base pair DNA 
ladder as molecular ruler.

Data Scoring and Analysis

The amplified products were scored based on fragment band 
size using PyElph 1.4 software package (Pavel and Vasile 
2012). Clearly resolved and unambiguous bands were scored 
for every primer and sample. Bands with the same fragment 
size were treated as identical fragments.

Different statistical software packages were utilized to 
compute the standard indices of genetic diversity. Locus-
based diversity indices, including major allele frequency 

(MAF), number of alleles (Na), gene diversity (GD),  
polymorphic information content (PIC), and heterozygo- 
sity, were computed using the PowerMarker ver. 3.25 software  
(Liu and Muse 2005). Population diversity indices such as 
number of effective alleles per locus (Ne), Shannon infor-
mation index (I), fixation index (F), gene flow (Nm) and 
percent polymorphism (% P), observed heterozygosity (Ho), 
expected heterozygosity (He), fixation index (F), and esti-
mate of the deviation from Hardy–Weinberg equilibrium 
(HWE) over the entire populations were computed with 
GenAlEx ver. 6.501 software (Peakall and Smouse 2006). 
Furthermore, the analysis of molecular variance (AMOVA) 
was done to partition the total genetic variation within and 
among the eight geographically defined populations and esti-
mate variance components using the same software (Peakall 
and Smouse 2006). AMOVA uses the estimated F-statis-
tics such as genetic differentiation (Fst), fixation index or 
inbreeding coefficient (Fis), and overall fixation index (Fit) 
to compare the genetic differentiation among and within 
populations. The magnitude among and within population 
differentiation was quantified using F-statistics (Fit, Fis, and 
Fst) also known as fixation indices (Wright 1951).

According to Wright (1951), Fst values ranging from 0 
to 0.05 are considered low, 0.05 to 0.15 moderate, and 0.15 
to 0.25 large, while greater than 0.25 indicate very large 
genetic differentiations.

Table 1   List of SSR markers used for genotyping Lablab accessions

S. no Markers Forward primers (5′ to 3′) Reverse primers (5′ to 3′) Annealing 
temp

References

1 c17963_g1_i1 TGA​TGA​GGA​GGA​GTG​TGA​TAG​ GAT​CTA​GAG​ATG​CAG​AGG​AGAG​ 50.8 Robotham and Chapman 
(2017)

2 c21512_g2_i1 GCC​AAG​TTT​CTA​CGA​CCT​C GAG​ATC​GAC​CTG​GAA​ATA​CTC​ 56.7 Robotham and Chapman 
(2017)

3 c13353_g1_i1 GAA​GCT​TCA​CAA​GTG​AAA​GAA​ GTT​CTC​GTT​CTG​AAC​AAT​CAT​ 50.2 Robotham and Chapman 
(2017)

4 Lpxu-009 GCC​CAG​CTA​AGA​TTGAG​ GTT​CTG​ATC​CTA​TGA​CCG​ 58.0 Zhang et al. (2013)
5 Lpxu-013 CTC​TAC​TAT​CAT​CCG​TCT​C TCG​GTC​CAT​ACT​CTTC​ 55.4 Zhang et al. (2013)
6 Lpxu-002 TTC​CGC​AAA​GAC​AAGTT​ CGT​CAG​CGA​GAA​GGGTA​ 53.8 Zhang et al. (2013)
7 Lpxu-010 AGC​CTG​ACA​TTT​CAC​CTG​ TGC​CAC​TTC​AAT​CTCCC​ 58.8 Zhang et al. (2013)
8 KTD241 GTT​AAG​CCT​TGA​GAT​CTG​ACAC​ CTT​CAC​CTC​ACT​CAC​AAC​ATT​ 58.0 Keerthi et al. (2018)
9 KTD195 TGG​TTG​AAT​GAG​AGA​GTA​AAGG​ GTT​TCT​TCA​AGG​TAC​ATG​TCT​

CAC​
51.9 Keerthi et al. (2018)

10 KTD255 GAA​CTG​AAA​GAG​AGG​GAT​GAT​ GGG​CAG​AGA​GAC​AGT​AAT​AAT​
AAG​

50.7 Keerthi et al. (2018)

11 KTD138 GAT​GAA​GAA​GGT​TGT​AGA​GTT​
GTG​

CTA​TCT​CAC​ACT​TTC​CTT​ACA​
CCT​

50.7 Keerthi et al. (2018)

12 KTD272 AAT​CTT​AAC​AGG​GTC​AGA​AGC​ CTC​TCC​CTC​CCA​TAA​CTA​ACTT​ 50.7 Keerthi et al. (2018)
13 KTD245 AAG​GAG​AGA​GTT​AAG​GTT​GTA​

GAG​
AAA​AGT​GCC​ACA​TTC​TCT​CTC​ 50.7 Keerthi et al. (2018

14 KTD249 ACT​ACC​CTA​TAG​TCT​CTC​TGT​
GCT​

AGA​AGA​TGA​TCT​CAG​ATT​CCAC​ 58.0 Keerthi et al. (2018)

15 KTD199 TTC​TTC​TCT​TCA​ACT​TCA​CTCC​ ACG​AAG​ACA​AGG​AAG​AGA​
AATC​

58.0 Keerthi et al. (2018)
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Rarified allelic richness (Ar) and private rarified allelic 
richness (Arp) were computed using HP-Rare 1.1 software 
(Kalinowski 2005).

To examine the genetic relationship between the different 
accessions, Unweighted Pair Group Method with Arithmetic 
Mean (UPGMA)-based neighbor-joining tree and hierarchical 
clustering were performed using DARwin var. 6.0 (Perrier and 
Jacquemoud-Collet 2006). A dendrogram was generated based 
on the dissimilarity matrix as input data to visualize the pat-
tern of cluster among the accessions. To further examine the 
pattern of variation among samples and resolve the power of 
coordination, principal coordinate analysis (PCoA) was carried 
out using GenAlex ver.6.501 software.

The population structure and admixture patterns of the 91 
accessions were determined by the Bayesian model-based 
clustering method of Pritchard et al. (2000) using Structure 
ver. 2.3.4 software. To estimate the true number of popula-
tion clusters (K), a burn-in period of 100,000 was used in 
every run, and data were collected over 200,000 Markov 
chain Monte Carlo (MCMC) replications for K = 1 to K = 10 
using 20 iterations for each K. The structure output results 
were zipped into one zip archive, and the zipped file was 
uploaded into the web-based program STRU​CTU​RE HAR-
VESTER ver. 0.6.92 (Earl and vonHoldt 2012). The most 
likely K value was determined by applying the ΔK method 
of Evanno et al. (2005) using the web-based STRU​CTU​RE 
HARVESTER ver. 0.6.92 (Earl and von Holdt 2012). A bar 
plot for the best K was determined using Clumpak (beta ver-
sion) (Kopelman et al. 2015).

Results

Microsatellite Marker Level of Polymorphism

Fifteen microsatellite markers revealed 225 alleles across 
all the accessions that were dissimilar in fragment sizes, 
with a mean of 14.8 alleles per locus. The allele frequency 
distribution reflects that 47.1% of the alleles were rare (0.01 
to 0.05), 28% ranged from 0.05 to 0.10, and 24.9% were 
abundant (higher than 0.10) (Table 2).

Major allele frequency (MAF) per locus ranged from 0.32 
for marker c21512_g2_i1 to 0.13 Lpxu-002 with an average 
of 0.22 (Table 3). The highest gene diversity (0.92), allelic 
richness (9.25), polymorphic information content (0.92), 
number of alleles (21), and effective number of alleles 
(6.87) were recorded for KTD272 (Table 3). The lowest gene 
diversity (0.80), allelic richness (4.5), polymorphic informa-
tion content (0.78), number of alleles (9.00), and effective 
number of alleles (3.53) were obtained for marker Lpxu-009 
(Table 3). All the markers were highly informative with the 
PIC varied from 0.78 (Lpxu-009) to 0.92 (KTD272) (aver-
age = 0.85). The observed heterozygosity (Ho) varied from 

0.00 to 0.98, with a mean of 0.27, and expected heterozygo-
sity (He) ranged from 0.69 (Lpxu-009 and KTD 241) to 0.84 
(Lpxu-013), with a mean of 0.75 (Table 3). All SSR markers 
showed highly significant (p < 0.0001) deviation from the 
Hardy–Weinberg equilibrium test.

Genetic Variability Within and Among Populations

The number of observed alleles (Na) was higher for acces-
sions collected from Konso (9.53) followed by north Wollo 
(7.67) and West Wellega (7.40). Similarly, accessions col-
lected from Konso showed the highest value for the num-
ber of effective alleles (6.40), Shannon’s information index 
(1.96), private allele richness (1.67), and expected heterozy-
gosity (0.83). The inbreeding coefficient (fixation index) 
value ranged from 0.59 for Metekel accessions to 0.70 for 
Gamo Gofa and West Wellega accessions (Table 4).

Genetic Relationships Between the Populations

The magnitude of genetic distances between populations 
coming from different geographical origins showed more 
differentiation between Metekel, West Gojjam, and the 
rest of populations (GD range from 0.121 to 0.951). The 
highest value of GD (0.951) was observed between West 
Gojjam and Metekel populations followed by West Gojjam 

Table 2   Summary of the number of alleles with their respective fre-
quencies applying 15 SSR markers on 91 Lablab accessions in eight 
populations

Markers Number of alleles with their frequency

Rare alleles 
(0.01–0.05)

Common 
alleles 
(0.05–0.1)

Abundant 
alleles (0.1 or 
higher)

Total

c17963_g1_i1 9 3 4 16
c21512_g2_i1 9 3 3 15
c13353_g1_i1 8 4 4 16
Lpxu-009 3 3 3 9
Lpxu-013 9 8 2 19
Lpxu-002 6 7 3 16
Lpxu-010 10 3 4 17
KTD241 7 2 6 15
KTD195 4 2 4 10
KTD255 12 5 7 24
KTD138 4 5 3 12
KTD272 13 6 2 21
KTD245 3 3 5 11
KTD249 6 4 3 13
KTD199 3 5 3 11
Total 106 63 56 225
Percentage 47.1% 28.0% 24.9%
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and Exotic materials (0.908). The smallest genetic distance 
(GD = 0.121) was found between populations from West 
Gojjam and North Wollo (Table 5). All Ethiopian popula-
tions were quite different from the exotic materials.

Analysis of Molecular Variance (AMOVA)

AMOVA was conducted to determine the extent of the varia-
tion within and among populations. Variation within popula-
tions accounted for higher variation (94%) than the variation 

among population (6%). The differences were highly signifi-
cant (P < 0.001). A moderate genetic differentiation coef-
ficient among populations (Fst = 0.061) was recorded with 
a high gene flow (3.82) among them (Table 6).

Diversity Patterns and Population Structure

The cluster analysis categorized the 91 Lablab accessions into 
three major clusters (C1, C2, and C3) forming different sub-
clusters (Fig. 2). Most of the individuals fell within C1 (48%; 

Table 3   Genetic diversity 
summary parameters of 91 
Lablab accessions in eight 
populations across 15 SSR 
markers

MAF major allele frequency, GD gene diversity, Ar allelic richness, Arp private allelic richness, PIC poly-
morphic information content, NA number of alleles, Ne effective number of alleles, Fst inbreeding coef-
ficient within subpopulations relative to total (genetic differentiation among subpopulations), Nm gene 
flow estimated from Fst 0.25 (1 − Fst)/Fst, Ho observed heterozygosity, He expected heterozygosity, PHWEa 
and P-value for deviation from Hardy–Weinberg equilibrium; significant at different level, *significant, 
***P < 0.0001 highly significant, F Fixation Index

Marker MAF GD Ar Arp PIC Na Ne Fst Nm Ho He PHWEa F

c17963_g1_i1 0.26 0.84 5.75 0.88 0.83 16.00 4.05 0.15 1.37 0.17 0.71 0.000*** 0.73
c21512_g2_i1 0.32 0.80 6.12 0.75 0.78 15.00 4.06 0.10 2.03 0.42 0.71 0.037* 0.39
c13353_g1_i1 0.24 0.87 5.50 1.00 0.86 16.00 4.19 0.14 1.44 0.00 0.75 0.000*** 1.00
Lpxu-009 0.27 0.80 4.50 0.38 0.78 9.00 3.53 0.12 1.79 0.00 0.69 0.000*** 1.00
Lpxu-013 0.18 0.90 8.75 0.75 0.89 19.00 6.74 0.08 2.87 0.77 0.84 0.000*** 0.08
Lpxu-002 0.13 0.90 8.63 0.50 0.90 16.00 6.40 0.09 2.50 0.95 0.82 0.001*** − 0.15
Lpxu-010 0.19 0.87 6.63 1.00 0.87 18.00 4.31 0.12 1.67 0.37 0.75 0.000*** 0.51
KTD241 0.25 0.85 5.25 0.75 0.84 14.00 3.59 0.20 0.98 0.00 0.69 0.000*** 1.00
KTD195 0.23 0.84 5.00 0.38 0.82 10.00 4.01 0.13 1.59 0.00 0.72 0.000*** 1.00
KTD255 0.14 0.91 8.88 1.00 0.90 21.00 6.51 0.10 2.22 0.98 0.81 0.004** − 0.24
KTD138 0.25 0.86 5.88 0.50 0.85 12.00 5.02 0.08 2.71 0.00 0.79 0.000*** 1.00
KTD272 0.15 0.92 9.25 0.50 0.92 21.00 6.87 0.09 2.46 0.44 0.83 0.001*** 0.47
KTD245 0.20 0.86 4.75 0.38 0.85 11.00 3.72 0.19 1.05 0.00 0.70 0.000*** 1.00
KTD249 0.21 0.86 5.25 0.38 0.85 13.00 3.98 0.16 1.24 0.00 0.71 0.000*** 1.00
KTD199 0.32 0.82 4.75 0.25 0.81 11.00 3.76 0.14 1.53 0.00 0.70 0.000*** 1.00
Mean 0.22 0.86 6.33 0.64 0.85 14.80 4.72 0.12 1.83 0.27 0.75 0.65

Table 4   Genetic diversity 
summary statistics for eight 
Lablab populations using 15 
SSR markers

N number of genotypes, Na mean number of different alleles, Ne mean effective number of alleles, Arp 
mean private allelic richness, I Shannon’s Information Index, Ho observed heterozygosity, He expected 
heterozygosity, F Fixation Index. Regions: Am, Amhara; BG, Benishangul-Gumuz; Or, Oromia; SN, 
Southern Nations, Nationalities and Peoples

Population Region Genetic parameters

N Na Ne Arp I Ho He F

Konso SN 24 9.53 6.40 1.67 1.96 0.31 0.83 0.64
North Wollo Am 22 7.67 5.08 0.60 1.74 0.26 0.78 0.69
Gamo Gofa SN 9 6.47 5.18 0.53 1.68 0.25 0.78 0.70
West Wellega Or 10 7.40 5.77 0.73 1.83 0.26 0.80 0.70
Metekel BG 6 4.40 3.46 0.33 1.28 0.27 0.67 0.59
North Gonder Am 5 4.33 3.82 0.07 1.34 0.27 0.70 0.67
West Gojjam Am 5 4.27 3.59 0.20 1.33 0.27 0.70 0.63
Exotic materials 10 6.53 4.50 0.87 1.63 0.30 0.76 0.61
Mean 11.38 6.33 4.72 0.63 1.60 0.27 0.75 0.65
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Table 5   Pair-wise population matrix of Nei’s genetic distance between eight Lablab populations using 15 SSR markers

Konso North Wollo Gamo Gofa West Wellega Metekel North Gonder West Gojjam Exotic materials

Konso 0.000
North Wollo 0.332 0.000
Gamo Gofa 0.189 0.427 0.000
West Wellega 0.422 0.425 0.312 0.000
Metekel 0.718 0.772 0.379 0.449 0.000
North Gonder 0.441 0.164 0.457 0.519 0.814 0.000
West Gojjam 0.474 0.121 0.680 0.570 0.951 0.436 0.000
Exotic materials 0.501 0.632 0.669 0.499 0.508 0.430 0.908 0.000

Table 6   Analysis of molecular 
variance (AMOVA) showing 
the genetic differentiation 
within and among eight Lablab 
populations from different 
geographic origins as revealed 
by 15 SSR markers

df degree of freedom, SS sum of squares, MS mean squares, Fst level of genetic differentiation between 
populations, Fis fixation index within population, Nm gene flow

Source of variation df SS MS Variance F-statistics P-value

Estimated %

Among populations (AP) 7 143.356 20.49 0.40 6 Fst = 0.061 0.001
Among individuals (within 

population)
83 997.479 12.08 6.00 94 Fis = 1.000 0.001

Total 90 1180.35 6.40 100 Nm = 3.820

KEY

____ Konso
____North Wollo 
____Gamo Gofa
____West Wellega
____Metekel
____North Gonder 
_____West Gojjam
_____Exotic materials

C 2

(n = 30)

C 1

(n = 44)

C 3

(n = 17)

Fig. 2   Relationship of 91 accessions in eight populations of Lablab using neighbor-joining (NJ) tree on data from 15 SSR markers
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44 accessions), followed by C2 (33%; 30 accessions) and C3 
(19%; 17 accessions). Eighty percent of Exotic materials were 
grouped together in C1 but in separate sub-clusters. C1 is com-
posed of accessions from all populations. Eighty percent of 
accessions in C2 were from geographically nearest popula-
tions of North Wollo, West Gojjam, and North Gonder. C3 
comprised almost entirely of Konso accessions (88%).

The genetic relatedness of the 91 Lablab accessions 
was further investigated using principal coordinate analy-
sis (PCoA) (Fig. 3). However, the first three coordinates 
explained only 22.55% of the genetic variation, with 9.04%, 
6.78%, and 6.36% for dimensions 1, 2, and 3, respectively. 
Patterns of genotype distribution on a two-dimensional plot, 
therefore, showed a nearly uniform distribution of the acces-
sions from different collection sites, indicating a weak popu-
lation structure.

Based on the true number of cluster (K) suggested by 
Evanno et al. (2005), the real structure showed a clear peak 
of the populations at K = 4 (Fig. 4A). This means that the 
most likely number of clusters to group the 91 accessions 
into sub populations was four (Fig. 4B). The Clumpak result 
(bar plot) showed wide genetic admixtures and failed to 
show a clear structure based on clustering of the pre-defined 
populations, and hence, there was no clear geographic ori-
gin-based structuring of populations (Fig. 4B).

Discussion

Marker Polymorphism

Molecular characterization of plant genetic diversity and 
relationships using microsatellite markers is useful because 
of their co-dominance and ability to reveal a high number 
of alleles per polymorphic locus. The current study detected 
225 alleles across all 91 accessions. On average, there were 
14.8 alleles across the 15 loci, where individual SSR mark-
ers counted 9 to 21 alleles. This study recorded a higher total 
number of alleles (225) as compared to 133 alleles by Keerthi 

et al. (2018). Similarly, the mean number of alleles (14.8) 
detected was higher than those reported by others (Zhang 
et al. 2013; Robotham and Chapman 2017; Keerthi et al. 
2018), ranging from 2.65 to 7.4. The differences in the mean 
and total numbers of alleles between the present research and 
previous studies could be attributed to the genetic materials 
and the number of genotypes (sample size) used as well as the 
number and efficacy of the SSR markers. Likewise, the mean 
number of effective alleles (4.75) was higher than reported in 
a previous study (Keerthi et al. 2018).

The high value of PIC in the present study indicates the 
markers used were highly informative. Also, high allelic vari-
ation was available in the marker loci within the studied Lablab 
accessions. Consequently, these markers should be useful for 
further genetic analysis such as genetic diversity, genetic link-
age map construction, and QTL mapping of Lablab genotypes. 
Although the 15 SSR markers used were selected from Zhang 
et al. (2013), Robotham and Chapman (2017), and Keerthi 
et al. (2018) based on their high PIC values, the mean PIC 
value obtained here was also higher. The range from 0.13 to 
0.32 of the major allele frequency (MAF) across accessions 
(Table 3) indicates again that the SSR markers applied are very 
informative and can be used in genetic diversity studies and in 
marker-assisted breeding of Lablab.

Heterozygosity indicates how much genetic variation 
exists in a population and how the variation is distributed 
across the alleles of analyzed markers. The observed hete-
rozygosity (Ho) is the proportion of heterozygous individu-
als in a population sample, while expected heterozygosity 
(He) is the probability of an individual being heterozygous 
in any locus (Hirpara and Gajera 2018). The observed het-
erozygosity revealed low values in relation to expected het-
erozygosity at the majority of markers (Table 3), indicating 
a high amount of homozygosity. The observed lower het-
erozygosity reflects low levels of outcrossing. Robotham 
and Chapman (2017) also reported very low observed 
heterozygosity (0.205), suggesting the inbreeding index 
characteristic of a predominantly self-fertilizing crop with 
little outcrossing.

Fig. 3   Principal coordinate 
analysis (PCoA) of 91 acces-
sions in eight populations of 
Lablab using 15 SSR markers
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All the markers (100%) exhibited significant deviations 
from Hardy–Weinberg equilibrium (HWE) between Ho 
and He in which all of them showed excess heterozygo-
sity across all markers. The lower observed heterozygosity 
level in this study and other studies might be due to the 
autogamous nature of Lablab, which contributes to low 
heterozygosity levels. The average genetic diversity (0.86) 
detected among the 91 Lablab accessions (Table 3) showed 
high levels of variation among the studied Lablab acces-
sions. This study suggests that the significant increase 
in genetic diversity among Lablab accessions indicates 
potential for enhancing Lablab agronomic traits through 
breeding and underscores the importance of conserving 
Lablab germplasm.

Population Genetic Diversity

The high genetic variation observed particularly among the 
tested Konso and West Wellega accessions (Table 4) could 
be used as a potential source of important traits in future 

Lablab breeding programs as private alleles provide a unique 
genetic variability in certain loci (Kalinowski 2005).

The Metekel population had the largest genetic distances 
with the populations of West Gojjam, North Gonder, North 
Wollo, and Konso, in descending order. This could come from 
a low genetic material exchange between these populations 
and/or particular plant types existing. For instance, all the 
known cultivated two-seeded accessions described by Maass 
et al. (2017) and Maass and Chapman (2022) originated from 
Metekel (pers. comm. BL Maass). On the other hand, low 
genetic distances were also observed between populations of 
North Gonder and North Wollo (0.164), as well as Konso and 
Gamo Gofa (0.189), indicating a high frequency of identi-
cal alleles among accessions, thus, and leading to a certain 
genetic homogeneity. This could be attributed to the proximity 
of Konso and Gamo Gofa geographical regions; hence, there 
could be higher chances of exchanging and sharing of seed 
through agricultural systems/office and farmers. However, it 
cannot be explained for the other pairs of regions that are far 
away from each other. Interestingly, the exotic accessions had 

(A)

(B)

Fig. 4   Inferred population structure of 91 Lablab accessions in 
eight populations using 15 SSR markers. A The highest delta K = 4 
(peak) value following Evanno et  al. (2005). B Estimated popula-

tion structure along with geographical locations. G.Gofa Gamo Gofa, 
W.Wolega West Wolega, N.Gonder North Gonder, W.Gojam West 
Gojjam
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a relatively high genetic distance to all Ethiopian populations, 
being West Gojjam (0.91) the highest and North Gonder (0.43) 
the lowest. Some of this exotic germplasm might have already 
been mixed with traditional Ethiopian populations; for exam-
ple, ILRI 147 (i.e., cv. Highworth) is one of the 50 most popu-
lar accessions distributed by seven international genebanks, 
among them ILRI (International Livestock Research Institute) 
(Galluzzi et al. 2016).

The low genetic differentiation among populations (6%) 
(Table 6) is possibly due to gene flow as a result of germplasm 
exchange by farmers that are geographically or culturally rela-
tively close to each other. This leads to an increase in the distri-
bution of certain genes among different populations. Similarly, 
Kimani et al. (2012) reported 99% variation within and only 1% 
variation among Lablab populations from Kenya using ampli-
fied fragment length polymorphism (AFLP) markers. Kamotho 
et al. (2016), on the other hand, found 85% of genetic variation 
within and 15% among more comprehensive Kenyan Lablab 
populations using SSR markers. The low level of genetic vari-
ability among Ethiopian Lablab populations may be a result of 
gene flow (introduction and migration of alleles or genotypes) 
from one population to another through seed exchange.

The study also showed only moderate genetic differentia-
tion among Lablab populations (Fst = 0.061). A low level of 
genetic differentiation among populations could be indica-
tive of high gene flow (Nm = 3.820). According to Slatkin 
(1987) and Diego and Jolla (1987), Nm values are grouped 
into three categories: Nm > 1.00 high, 0.25–0.99 intermedi-
ate, and 0.000–0.249 low. Therefore, the high Nm value of 
3.820 from this study indicates high gene flow among popu-
lations, which supports the AMOVA result showing low var-
iation among the eight geographically defined populations.

The cluster analysis categorized the 91 Lablab accessions 
into three main clusters (C1, C2, and C3) by forming dif-
ferent sub-groups. The clustering model showed that only 
weak relationships existed between the pattern of genetic 
diversity and geographical origins of collections. Accessions 
collected from different geographical populations clustered 
together, which may be attributed to the existence of gene 
flow among neighboring populations. In all of the clusters, 
many accessions were grouped with other geographically 
distant populations. This indicates accessions in one cluster 
might have evolved from different lines of ancestry or inde-
pendent events of evolutionary forces such as genetic drift, 
mutation, migration, selection, and germplasm exchange 
might have separated them into related but different gene 
pools (Keneni et al. 2012). Most of exotic materials were 
grouped in C1 by forming different sub-groups with Ethio-
pian populations. Some of this exotic germplasm might have 
already been mixed with traditional Ethiopian populations.

Similar to dendrogram clustering, principal coordinate 
analysis (PCoA), a two-dimensional display of clustering, 
did not reveal distinct population clusters based on their 

geographic regions of origin. Instead, there was a mixing of 
genotypes across different coordinates, indicating a weak 
pattern of population differentiation.

Moreover, this result is clearly reflected in the model-
based population genetic structure analysis, which found 
evidence of potential genetic admixture among the Lablab 
genotypes. It revealed the existence of weak sub-structuring 
(K = 4) of the eight populations of Lablab. This finding may 
indicate germplasm exchange between farmers, leading to 
gene flow across adjoining populations.

Conclusion

All previous molecular genetic diversity analyses in Lablab 
were conducted using a very limited number of accessions 
from Ethiopia. For the first time, a comprehensive set of germ-
plasm accessions from Ethiopia have been characterized by 
applying SSRs. Successful molecular characterization of this 
neglected crop Lablab can help breeders to focus on the avail-
able genetic resource and to implement improvement programs. 
The abundance of different alleles observed among the popula-
tions provides evidence for novel alleles that can be efficiently 
exploited through future breeding programs for the trait(s) of 
interest. The existence of relatively higher genetic diversity in 
Konso and West Wellega populations also reveals that these 
areas could be considered hot spots for genetic diversity as well 
as sources of desirable genes for genetic improvement and con-
servation. Finally, we suggest conducting additional study using 
high-density markers that include accessions from additional 
regions of Ethiopia in order to acquire a more comprehensive 
understanding of the genetic structure and diversity of Lablab 
across the entire nation.
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